We have developed a concept of parallel existence of the ordinary (O) and mirror (M), or shadow (Sh) worlds. E 6 unification, inspired by superstring theory, restores the broken mirror parity at the scale ∼ 10 18 GeV. With the aim to explain the tiny cosmological constant, we consider the breakings:
INTRODUCTION
The present talk is devoted to the problem of cosmological constant. Our model is based on the following assumptions:
• Grand Unified Theory (GUT) is inspired by Superstring theory [1] , which predicts E 6 unification in the 4-dimensional space, occurring at the high energy scale ∼ 10 18 GeV.
• There exists a Mirror World (MW) [2, 3] , which is a mirror duplication of our Ordinary World (OW), or Shadow World (ShW) (hidden sector) [4, 5] , which is not identical with the O-world, having different symmetry groups. The mirror (M), or shadow (Sh) matter interacts with ordinary matter only via gravity, or other very weak interactions.
• The Shadow world is responsible for the dark energy (DE) and dark matter (DM).
• We assume that E 6 unification had a place in the O-and M-worlds at the early stage of our Universe. This means that at very high energy scale ∼ 10 18 GeV the mirror world exists and the group of symmetry of the universe is E 6 × E ′ 6 [6, 7] (where the superscript 'prime' denotes the M-or Sh-world).
MIRROR WORLD WITH BROKEN MIRROR PARITY
At low energies we can describe the ordinary and mirror worlds by a minimal symmetry 
Y is its mirror gauge counterpart having three generations of mirror quarks and leptons and the mirror Higgs boson. The M-particles are singlets of G SM and the O-particles are singlets of G ′ SM . If the ordinary and mirror worlds are identical, then O-and M-particles should have the same cosmological densities. But this is in the immediate conflict with recent astrophysical measurements. Mirror parity (MP) is not conserved [8] . In the case of the broken MP the VEVs of the Higgs doublets Φ and
We have introduced the parameter characterizing the violation of MP:
Then the masses of fermions and massive bosons in the mirror world are scaled up by the factor ζ with respect to the masses of their counterparts in the ordinary world:
, while photons and gluons remain massless in both worlds.
In the language of neutrino physics, the O-neutrinos ν e , ν µ , ν τ are active neutrinos, while the M-neutrinos ν ′ e , ν ′ µ , ν ′ τ are sterile neutrinos. If MP is conserved (ζ = 1), then the neutrinos of the two sectors are strongly mixed. But it seems that the situation with the present experimental and cosmological limits on the active-sterile neutrino mixing do not confirm this result. MP is spontaneously broken, ζ ≫ 1, and active-sterile mixing angles should be small: θ νν ′ ∼ 1 ζ . Then we have the following relation between the masses of the light left-handed neutrinos: m ′ ν ≈ ζ 2 m ν . Also the seesaw mechanism described by Refs. [8] 
SUPERSTRING THEORY AND E 6 UNIFICATION
The 'heterotic' superstring theory E 8 × E ′ 8 was suggested as a more realistic model for unification of all gauge interactions with gravity [1] . This ten-dimensional Yang-Mills theory can undergo spontaneous compactification. The integration over six compactified dimensions of the E 8 superstring theory leads to the effective theory with the E 6 unification in the four-dimensional space.
In the present investigation at the scale ∼ 10 18 GeV we adopt for the O-world the breaking E 6 → SO(10) × U (1), while for the Sh-world we consider the breaking E ′ 6 → SU(6) ′ × SU(2) ′ , thus being able to explain the small value of the cosmological constant CC, due to the additional SU (2) ′ gauge symmetry group appearing in the Sh-world, which has a large confinement radius.
We assume that in the ordinary world, from the SM up to the E 6 unification, there exists the following chain of symmetry groups:
We consider the following chain of possible symmetries in the Sh-world:
Now we are confronted with the question: What group of symmetry SU(2) ′ , unknown in the O-world, exists in the Sh-world, ensuring the E ′ 6 unification?
NEW SHADOW GAUGE GROUP SU (2) ′ AND THETA-PARTICLES
In the present paper we consider the idea of the existence of theta-particles, developed by L.B. Okun [9] . In those works it was suggested the hypothesis that in Nature there exists the symmetry group
with an additional non-Abelian SU(2) θ group whose gauge fields are neutral, massless vector particles -thetons, having a macroscopic confinement radius 1/Λ θ . We assume that the group of symmetry
Y exists in the Shadow World at low energies instead of the SM'. By analogy with theory [9] , we have shadow thetons Θ ′ i µν (i = 1, 2, 3), which belong to the adjoint representation of SU(2) ′ θ , three generations of shadow theta-quarks q ′ θ , shadow leptons l ′ θ , and two theta-scalars φ ′ θ as doublets of SU(2) ′ θ . Shadow thetons have a confinement radius 1/Λ ′ θ , and Λ ′ θ ∼ 10 −3 eV provides the tiny cosmological constant. We also consider a complex scalar field ϕ θ , which is a singlet under the symmetry group G ′ θ . This singlet scalar field has its origin from 27-plet of the E ′ 6 unification.
THE RUNNING OF COUPLING CONSTANTS IN THE O-AND SH-WORLDS
In this work we consider the running of all the gauge coupling constants in the SM and its extensions which is well described by the one-loop approximation of the renormalization group equations (RGEs), since from the Electroweak (EW) scale up to the Planck scale (M Pl ) all the non-Abelian gauge theories with rank r ≥ 2 appearing in our model are chosen to be asymptotically free. With this aim we consider only the Higgs bosons belonging to the N +N representations for SO(N) or SU(N) symmetry breaking (see [7] ). The running of the inverse coupling constants are given by the following expressions:
where µ is the energy scale. For compactness of notation, we denote by α ( ren is the renormalization scale, we have the following evolution for the inverse coupling constants given by RGE in the one-loop approximation:
where
ren is the evolution parameter. As an example of the evolutions (1) and (2) we have used the following parameters: supersymmetric breaking scale in the O-world M SUSY = 10 TeV, ζ = 30, i.e. supersymmetric breaking scale in the Sh-world M ′ SUSY = 300 TeV, seesaw scales M R = M ′ R = 2.5 · 10 14 GeV. The running of the inverse coupling constants as functions of x = log 10 µ is presented for O-world in Fig. 1(a,b) and for Sh-world in Fig. 2(a,b) . We start in Fig. 1(a) with G SM and M ren = M t , where top-quark mass is M t = 174 GeV [11] . Fig. 2(a) The running of α ′ 2θ −1 (µ) with slopes b 2θ = 3 and b SUSY 2θ = −2, given by Fig. 2(a,b) , shows that it is easy to obtain the value Λ ′ θ ∼ 10 −3 eV.
SHADOW AXION, COSMOLOGICAL CONSTANT AND DARK ENERGY
In the present paper we give a very simple explanation for the smallness of the cosmological constant.
There exists an axial U(1) A global symmetry in our theory with a current having SU(2) ′ θ anomaly, which is spontaneously broken at the scale f θ by a singlet complex scalar field ϕ θ , with a VEV ϕ = f θ , i.e.
